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(54)  Pattern  extraction  apparatus  and  method  for  extracting  patterns 

(57)  In  a  projection  means  black  pixel  histograms  of 
a  binary  stationary  image  are  generated  in  both  the  ver- 
tical  and  the  horizontal  direction.  In  a  text  type  judgment 
means,  in  accordance  with  these  histograms,  a  determi- 
nation  is  made  of  whether  the  image  is  vertical  text  or 
horizontal  text.  Based  on  the  result  of  this  determina- 
tion,  a  pattern  block  extraction  means  extracts  either  a 
column  or  a  row  from  the  image.  The  block  is  further 
projected  and  divided  into  smaller  blocks.  Then  projec- 

(O (B) 

tion  is  again  applied  to  these  divided  blocks  and  pat- 
terns  are  extracted  by  a  pattern  extraction  means.  A 
judgment  is  made  as  to  whether  or  not  joining  of  the 
extracted  patterns  is  to  be  performed  and,  if  joining  is 
required,  they  are  joined  by  a  pattern  joining  means  and 
finally  the  offsets  of  all  the  extracted  patterns  are  calcu- 
lated,  whereupon  data  (of  extracted  patterns)  are  sent 
to  a  pattern  matching  process. 
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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  an  apparatus  for 
coding  a  binary  stationary  image,  and  more  specifically 
to  an  apparatus  for  one  which  extracts  a  pattern  from  a 
binary  image  in  a  system  for  pattern  matching  coding. 

2.  Description  of  Related  Art 

In  the  past,  a  method  for  coding  of  a  binary  station- 
ary  image  using  pattern  matching  has  been  known,  this 
coding  method  being  one  in  which  an  image  is  divided 
into  patterns  which  are  collections  of  continuously 
arranged  black  pixels,  with  matching  being  performed 
with  respect  to  each  pattern. 

Then,  in  accordance  with  the  results  of  this  pattern 
matching,  the  bit  maps  for  the  patterns  themselves  and 
information  which  represents  the  pattern  positions  and 
sizes  are  coded. 

In  a  binary  stationary  image  coding  method  which 
uses  pattern  matching  as  described  above,  when 
extracting  a  pattern  from  an  image,  black  pixels  are 
detected  by  scanning  along  the  image  from  the  upper 
left  part  to  the  lower  right  part  thereof. 

Next,  the  outline  contour  of  the  collection  of  contin- 
uously  arranged  black  pixels,  is  traced  with  a  detected 
black  pixel  as  the  starting  point  to  determine  the  contour 
of  the  pattern.  Finally,  the  contents  of  this  contour  is 
extracted  as  the  pattern. 

When  performing  the  above  operations,  absolute 
coordinates  on  the  first  appearing  pattern  are  used  as 
the  reference  in  indicating  the  position  of  a  pattern,  with 
other  patterns  basically  being  expressed  as  a  related 
distance  (offset)  from  the  immediately  previously 
appearing  pattern. 

Considering  the  above-noted  point,  in  horizontally 
written  text,  the  offset  values  will  be  small,  making  the 
coding  efficiency  improved  than  the  base  in  which  all 
patterns  are  expressed  in  absolute  coordinates. 

It  occurs  that,  in  the  binary  stationary  image  coding 
method  of  the  past,  when  extracting  a  pattern  (for  exam- 
ple,  when  extracting  a  pattern  from  Japanese-language 
text  or  Chinese  language  text),  because  of,  for  example, 
the  characteristic  of  Japanese  that  it  is  made  up  of 
many  kanji  ideographic  characters  that  are  complex  and 
that  have  a  large  number  of  strokes,  there  are  cases  in 
which  a  single  character  will  have  a  plurality  of  patterns. 

For  example,  with  regard  to  the  character  "KAN"  as 
shown  in  Fig.  5,  as  used  in  the  word  kanji  itself,  there 
are  three  patterns  (1),  (2)  and  (3)  in  the  left  "radical"  part 
(A)  of  the  character  as  shown  in  Fig.  5  and  one  part  (4) 
in  the  right  "tsukuri"  part  (B)  of  the  character,  as  shown 
in  Fig.  5,  making  a  total  of  four  patterns,  resulting  in  a 
very  large  total  number  of  patterns. 

As  a  result,  There  is  a  excess  of  data  resulting  from 
the  need  to  express  the  pattern  positions,  sizes,  and  the 
results  of  pattern  matching,  this  leading  to  the  problem 
of  reduced  efficiency  in  coding. 

5  Additionally,  in  the  binary  stationary  image  coding 
method  of  the  past,  when  extracting  a  pattern,  if  noise  is 
mixed  in  with  the  image  so  that  even  for  one  and  same 
character  the  associated  shape  can  be  slightly  different, 
even  for  one  and  the  same  character,  there  can  be  dif- 

10  ferences  in  the  number  of  divided  patterns  and/or  the 
shapes  of  the  patterns. 

For  this  reason,  there  is  an  increase  in  the  number 
of  types  of  patterns,  this  leading  to  the  problem  of  a 
reduction  in  coding  efficiency. 

15  Another  problem  is  that,  when  extracting  a  pattern 
as  done  in  the  past,  because  the  offset  is  the  distance  to 
the  immediately  previously  appearing  pattern,  that  is, 
because  the  offset  is  expressed  as  the  distance  to  the 
pattern  positioned  to  the  left  of  the  pattern  of  interest, 

20  because  of  the  scanning  direction,  for  vertically  written 
text,  the  spaces  between  lines  are  redundant,  this  lead- 
ing  to  the  problem  of  a  reduction  in  coding  efficiency. 

An  object  of  the  present  invention  is  to  provide  a 
pattern  extraction  apparatus  that,  in  extracting  a  pattern 

25  using  binary  stationary  image  coding  that  uses  pattern 
matching,  is  capable  of  reducing  the  number  of  patterns 
and  number  of  pattern  types,  thereby  improving  the 
coding  efficiency. 

Another  object  of  the  present  invention,  is  to  pro- 
30  vide  a  pattern  extraction  apparatus  that  is  capable  of 

efficient  determination  of  offset  with  regard  to  vertically 
written  text,  similar  to  that  of  horizontally  written  text. 

Note  that,  regarding  documents  which  are  written 
by  English,  German,  French  or  the  like,  it  is  usually  writ- 

35  ten  in  horizontal  direction  and  thus  only  a  writing  direc- 
tion  for  the  row  should  be  confirmed  first  but  thereafter 
such  reduction  for  the  number  of  patterns  and  improving 
the  coding  efficiency  as  mentioned  above,  are  also 
required. 

40 
SUMMARY  OF  THE  INVENTION 

To  achieve  the  above-noted  object,  the  present 
invention  is  a  pattern  extraction  apparatus  that  is  used 

45  in  performing  coding  of  a  pattern  in  accordance  with  the 
results  of  dividing  a  binary  stationary  image  into  pat- 
terns  and  performing  pattern  matching  with  respect  to 
each  of  the  divided  patterns,  this  pattern  extraction 
apparatus  having  a  means  for  projecting  the  black  pixels 

so  in  the  above-noted  binary  stationary  image  and  deter- 
mining  a  histogram  thereof,  a  document  type  determin- 
ing  means  for  determining,  in  accordance  with  the 
above-noted  histogram,  whether  the  above-noted 
binary  stationary  image  is  horizontally  written  text  or 

55  vertically  written  text  and  for  outputting  the  result  of  this 
determination,  a  means  for  extracting  a  block  from  the 
above-noted  image  in  accordance  with  the  above-noted 
determination  result,  a  means  for  extracting  a  pattern  in 
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accordance  with  the  above-noted  block,  and  a  means 
for  calculating  the  relative  distance  between  the  cur- 
rently  extracted  pattern  and  the  immediately  previously 
extracted  pattern,  as  an  offset. 

For  example,  the  above-noted  binary  stationary 
image  has  both  vertical  and  horizontal  directions  and 
the  above-noted  projection  means  projects  each  of  the 
black  pixels  in  the  vertical  and  horizontal  directions  to 
generate  the  above-noted  histogram. 

Additionally,  if  the  above-noted  determination 
results  are  that  the  text  is  in  the  horizontal  direction,  the 
above-noted  block  extraction  means  extracts  the  above- 
noted  block  from  the  above-noted  binary  stationary 
image  as  a  column,  but  if  the  above-noted  determina- 
tion  results  are  that  the  text  is  in  the  vertical  direction, 
the  above-noted  block  extraction  means  extracts  the 
above-noted  block  from  the  above-noted  binary  station- 
ary  image  as  a  row. 

It  is  additionally  possible,  with  respect  to  the  above- 
noted  extracted  column  or  row,  for  the  above-noted  pro- 
jection  means  to  project  in  a  first  direction,  which  is  per- 
pendicular  with  respect  to  the  direction  of  the  above- 
noted  column  or  row  so  as  to  determined  a  sub-histo- 
gram  and,  in  accordance  with  this  sub-histogram,  the 
above-noted  block  extraction  means  then  dividing  the 
above-noted  column  or  row  into  divided  blocks  and  pro- 
viding  these  divided  blocks  to  the  above-noted  pattern 
extraction  means  as  the  above-noted  block. 

It  is  also  further  possible,  with  respect  to  the  above- 
noted  block,  for  the  above-noted  projection  means  to 
project  in  a  second  direction,  which  is  perpendicular  to 
the  above-noted  first  direction,  and  to  output  a  projec- 
tion  result,  the  above-noted  pattern  extraction  means 
then  extracting  the  above-noted  extracted  pattern  from 
the  above-noted  block  based  on  this  projection  result.  In 
this  case,  a  joining  determining  means  makes  a  deter- 
mination  as  to  whether,  with  respect  to  the  above-noted 
extracted  pattern,  the  pattern  is  extracted  as  an  unit  of 
character  for  each  one  of  the  pattern,  this  being  done  in 
units  of  characters  and  output  the  result  of  the  determi- 
nation. 

Then  a  joining  means,  in  response  to  the  above- 
noted  determination  results,  joins  patterns  together  to 
form  a  joined  pattern  as  one  unit  of  characters. 

This  joined  pattern  is  given  to  the  above-noted  off- 
set  calculation  means  as  the  above-noted  extracted  pat- 
tern. 

In  a  pattern  extraction  apparatus  according  to  the 
present  invention,  in  the  projection  means  a  histogram 
is  generated  of  black  pixels  in  each  of  the  vertical  and 
horizontal  directions  in  the  input  binary  stationary 
image. 

In  accordance  with  the  resulting  output,  in  the  doc- 
ument  type  determining  means,  a  determination  is 
made  as  to  whether  the  document  is  horizontal  text  or 
vertical  text,  after  which  in  the  pattern  block  extraction 
section  a  column  or  row  is  extracted. 

Additionally,  a  projection  is  taken  of  this  block,  and 

division  thereof  is  made  into  smaller  blocks. 
A  projection  is  then  again  made  of  the  divided 

blocks  and  a  pattern  is  extracted  at  the  pattern  extrac- 
tion  means. 

5  A  judgment  is  made  as  to  whether  or  not  to  join  the 
extracted  patterns.  If  joining  is  necessary  joining  is  done 
at  the  pattern  joining  section  and  finally  the  offsets  are 
calculated  for  all  the  extracted  patterns,  with  data 
(extracted  patterns)  being  passed  to  the  pattern  match- 

10  ing  processing. 
Thus,  in  the  present  invention  by  taking  a  projection 

an  image  is  divided  up  into  smaller  patterns,  pattern 
joining  being  performed  with  respect  to  patterns  that  are 
too  finely  broken  up,  control  being  performed  so  that 

15  patterns  are  extracted  nearly  in  units  of  characters. 
Therefore,  the  number  of  patterns  is  reduced, 

thereby  reducing  the  amount  of  excess  data  for  offsets, 
pattern  sizes,  and  matching  results.  In  addition, 
because  there  is  a  reduction  in  the  number  of  types  of 

20  patterns,  the  accuracy  of  pattern  matching  is  improved, 
as  is  pattern  matching  efficiency. 

As  described  above,  because  the  pattern  extraction 
direction  is  the  direction  of  a  text  column  or  row,  it  is  pos- 
sible  to  perform  efficient  offset  calculation  for  either  ver- 

25  tical  or  horizontal  text. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  block  diagram  which  shows  an  example 
30  of  a  coding  apparatus  that  has  a  pattern  extracting 

apparatus  according  to  the  present  invention. 
Fig.  2  is  a  flowchart  which  illustrates  the  operation 

of  the  pattern  extraction  apparatus  which  is  shown  in 
Fig.  1. 

35  Fig.  3  is  a  drawing  which  shows  an  example  of  pat- 
tern  extraction  by  means  of  image  projection,  and  Fig. 
3(A)  showing  the  projection  of  an  image,  Fig.  3(B)  show- 
ing  the  projection  of  a  column,  and  Fig.  3(C)  showing 
pattern  joining  and  extraction. 

40  Fig.  4  is  a  drawing  which  shows  an  example  of  pat- 
tern  extraction  from  an  English  text  by  means  of  image 
projection,  and  Fig.  4(A)  showing  the  projection  of  an 
image,  Fig.  4(B)  showing  the  projection  of  a  row. 

Fig.  5  show  one  embodiment  of  a  construction  of 
45  Kanji  character. 

Fig.  6  shows  one  embodiment  of  determination  for 
writing  direction  in  an  image  document  used  in  the 
present  invention  and 

Fig.  7  shows  one  embodiment  of  extracting  one 
so  block  from  the  image  document  or  of  extracting  one 

sub-block  from  one  block  used  in  the  present  invention. 

Detailed  Description  of  the  Preferred  Embodiments 

55  Embodiments  of  present  invention  are  described 
below,  with  reference  being  made  to  the  relevant 
accompanying  drawings. 

Referring  to  Fig.  1  ,  the  binary  stationary  image  cod- 

3 



5  EP  0  843 

ing  apparatus  shown  in  this  drawing  performs  coding  of 
a  binary  stationary  image  by  using  pattern  matching. 

This  binary  stationary  image  coding  apparatus  has 
a  storage  means  1  ,  a  projection  means  2,  a  document 
style  determining  means  3,  a  pattern  block  extraction  s 
means  4,  a  block  storage  means  5,  a  pattern  extraction 
means  6,  a  pattern  storage  means  7,  an  overall  judg- 
ment  means  8,  a  joining  means  9,  an  offset  calculation 
means  10,  a  pattern  matching  means  11,  a  library 
means  12,  and  a  coding  means  13.  10 

Turning  to  Fig.  2  and  Fig.  3,  when  pattern  extraction 
processing  is  started,  the  imaging  input  means  (not 
shown  in  the  drawings)  for  example  reads  in  the  input 
image  and  generates  binary  image  data,  this  binary 
image  data  being  given  to  the  storage  means  1,  in  is 
which  this  binary  image  data  is  temporarily  stored. 

At  the  projection  means  2,  the  binary  image  data  is 
received  and  a  projection  is  made  of  the  binary  image 
data  to  generate  a  histogram  of  black  pixels  (step  S1). 

Specifically,  at  the  projection  means  2  projections  20 
of  black  pixels  are  made  in  the  vertical  and  horizontal 
directions  with  respect  to  the  binary  image  data,  thus 
generating  a  black  pixel  histogram  (this  histogram  being 
hereinafter  referred  to  as  the  first  histogram;  refer  to  Fig. 
3  (a)).  25 

Then,  the  first  histogram  is  given  to  the  text  type 
judgment  means  3. 

At  the  document  style  determining  means  3,  in 
response  to  the  first  histogram  a  judgment  is  made  with 
regard  to  the  type  of  image  (text)  (step  S2).  30 

That  is,  at  the  document  style  determining  means 
3,  a  judgment  is  made  as  to  whether  the  input  image  or 
document  is  vertical  text  or  horizontal  text,  based  on  the 
number  of  valleys  in  the  first  histogram,  which  are  the 
locations  in  which  the  rate  of  occurrence  of  black  pixels  35 
is  small,  this  judgment  information  (judgment  result) 
being  output  to  the  pattern  block  extraction  means  4. 

In  the  example  shown  in  Fig.  3  (a),  the  judgment  is 
made  that  this  is  vertical  text. 

At  the  pattern  block  extraction  means  4,  in  accord-  40 
ance  with  the  judgment  result,  one  column  or  one  row  is 
extracted  from  the  image  data  that  is  stored  in  the  stor- 
age  means  1  (step  S3). 

That  is,  at  the  pattern  block  extraction  means  4,  if 
the  judgment  result  was  vertical  text  a  column  is  45 
extracted  from  the  image  data  stored  in  the  storage 
means  1  ,  and  if  the  judgment  result  was  horizontal  text 
a  row  is  extracted  from  the  image  data  stored  in  the  stor- 
age  means  1  . 

Then,  the  extracted  column  or  row  is  stored  as  a  so 
block  in  the  block  storage  means  5  and  also  given  to  the 
projection  means  1  . 

In  the  example  shown  in  Fig.  3  (a),  for  example,  one 
column  is  extracted,  as  shown  in  Fig.  3  (b). 

The  projection  of  image  as  used  in  the  present  55 
invention  will  be  explained  hereunder,  as  an  example; 

As  shown  in  Fig.  6,  in  an  image  to  be  scanned, 
when  assuming  that  a  number  of  a  main  scanned  pixels 

75  A2  6 

arranged  in  a  horizontal  direction  is  M,  while  sub- 
scanned  pixels  arranged  in  a  vertical  direction  is  N  and 
further  a  pixel  locating  i-th  number  from  the  most  left- 
end  portion  of  the  image  and  j-th  number  from  a  top  of 
the  image  is  represented  as  P(i,  j),  wherein  1  s  \  s  M, 
and  1§  j  s  N,  the  projection  f(i)  in  the  vertical  direction 
can  be  represented  as  follows; 

In  an  i-th  row,  the  i-th  row  is  scanned  in  a  vertical 
direction  with  respect  to  the  image  and  a  number  of 
black  pixels  b  (i)  is  calculated. 

Note  that  in  the  present  invention,  when  a  white 
pixel  is  represented  as  p(i,  j)  =  0  ,  and  a  black  pixel  is 
represented  as  p(i,  j)  =  1  ,  b  (i)  can  be  shown  as  the  fol- 
lowing  formula; 

N 
b  (i)  =  X  PO.  J) 

j=i 

And  accordingly,  in  this  case,  f(i)  is  shown  as  fol- 
lows; 

N 
f(i)  =  £ p ( U )  

j=i 

In  the  same  way,  the  projection  in  a  horizontal  direc- 
tion  g(j)  can  be  shown,  as  the  following  formula; 

M 
g  G)  =  £   pO.  j) 

i=1 

Note  that  the  above-mentioned  f(i)  and  gQ)  repre- 
sent  the  histogram,  respectively. 

And  the  determination  whether  a  document  to  be 
checked  is  written  in  vertical  direction  or  is  written  in 
horizontal  direction,  can  be  done  as  the  following  man- 
ner; 

With  respect  to  the  histograms  in  a  vertical  direction 
f(i)  and  the  histogram  in  a  horizontal  direction  g(i),  num- 
bers  of  portions  at  which  the  f(i)  =  0  and  gQ)  =  0  are  Cf 
and  Cg,  respectively. 

And  then,  a  ratio  of  Cf  in  the  horizontal  direction 
with  respect  to  a  total  pixel  number  M,  that  is  Rf  =  Cf/M 
is  calculated  while  a  ratio  of  Cg  in  the  vertical  direction 
with  respect  to  a  total  pixel  number  N,  that  is  Rg  =  Cg/N 
is  calculated,  and  finally,  the  determination  whether  or 
not  a  document  being  written  in  a  horizontally  direction, 
can  be  done  by  ultimately  comparing  Rf  with  Rg. 

Note  that  if  when  Rf>Rg,  it  is  determined  that  the 
document  is  written  in  a  vertical  direction  and  while  if 
when  Rf<Rg,  it  is  determined  that  the  document  is  writ- 
ten  in  a  horizontal  direction. 

If  when  Rf  =  Rg  ,  either  one  of  the  determinations 
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can  be  effective. 
At  the  projection  means  2,  with  respect  to  the 

extracted  column  or  extracted  row,  projection  is  again 
made,  in  the  horizontal  direction  in  the  case  of  a  col- 
umn,  and  in  the  vertical  direction  in  the  case  of  a  row,  s 
thereby  again  generating  a  histogram  (step  S4). 

As  shown  in  Fig.  3  (b),  in  the  case  of  a  column  pro- 
jection  is  made  in  the  horizontal  direction  to  generate  a 
histogram  (hereinafter  referred  to  as  the  second  histo- 
gram).  Then,  this  second  histogram  is  given  in  turn  to  to 
the  pattern  block  extraction  means  4. 

The  extracting  either  one  of  rows  or  columns  as  a 
block  from  an  image  and  the  projecting  operation  to  the 
block  extracted  from  the  image  is  explained  hereunder 
with  reference  to  Fig.  7.  ts 

In  this  process,  as  shown  in  Fig.  7(A),  a  k-th  column 
is  extracted  from  the  image  having  the  histograms  in 
both  directions  as  obtained  in  the  previous  step  as 
shown  in  Fig.  6. 

Note  that  when  with  respect  to  the  formula  of  f(i)  as  20 
mentioned  above,  the  number  i  represents  the  location 
at  which  the  f(i)  is  0,  i.e.,  f(i)  =  0  ,  and  i  includes  i1  ,  i2,  • 
•  •  •  iK  (K  denotes  a  number  of  i  when  f(i)  =  0)  ,  the  k- 
th  column  can  be  extracted  as  a  column  having  an  width 
of  i  ks  i  s  i  k+1  ,  under  a  condition  of  i  k+i  -  i  k  >  1  .  25 

And  next,  the  projection  is  carried  out  for  one  col- 
umn  of  k-th  column  extracted  from  a  vertically  written 
document  will  be  explained. 

Note  that,  in  this  case,  since  the  projection  is  car- 
ried  out  only  in  the  horizontal  direction.  30 

As  explained  above,  the  projection  of  the  k-th  col- 
umn  in  the  horizontal  direction  h(j)  can  be  represented 
by  the  following  formula; 

h(j)=  £   P(iJ) 
j=1  K 

Further,  the  value  j  at  which  h  (j)  shows  0,  i.e.,  40 
h  (j)  =  0  ,  is  determined  and  thereafter  the  block  can  be 
further  divided  and  this  process  can  be  iterated  until  the 
minimum  size  of  block  can  be  divided  out. 

At  the  pattern  block  extraction  means  4,  in 
response  to  the  second  histogram,  further  division  into  45 
smaller  blocks  is  made  of  the  extracted  column  or  row 
(step  S5).  For  example,  in  accordance  with  the  second 
histogram,  the  pattern  block  extraction  means  4  extracts 
each  character  from  the  extracted  column  or  row  as  a 
divided  block  (Fig.  3  (b)).  Then  these  divided  blocks  are  so 
stored  in  the  block  storage  means  5. 

The  projection  means  2  reads  in  each  divided  block 
from  the  block  storage  means  5,  and  performs  projec- 
tion  with  respect  to  a  column  or  a  row,  in  a  direction  that 
is  perpendicular  to  the  column  or  row  so  as  to  obtain  a  55 
block  projection  result.  The  block  projection  result  is 
then  sent  to  the  pattern  extraction  means  6.  It  is  also 
possible  to  make  a  determination  from  this  projection 

result  as  to  whether  or  not  block  extraction  was  made 
which  bridged  two  or  more  columns  or  rows.  That  is,  it  is 
possible  to  determine  whether  or  not  each  of  the  divided 
blocks  contains  two  or  more  characters. 

The  pattern  extraction  means  6  reads  in  each 
divided  block  from  the  block  storage  means  5  and,  in 
accordance  with  the  block  projection  result,  performs 
pattern  extraction,  which  divides  the  divided  blocks  into 
patterns  (step  S6),  the  extracted  patterns  being  stored 
in  the  pattern  storage  means  7. 

As  is  clear  from  the  foregoing  description,  patterns 
extracted  at  the  pattern  extraction  means  6  are 
extracted  in  approximate  units  of  characters,  and  upon 
the  third  division  of  blocks,  there  are  cases  in  which 
characters  are  divided  into  a  plurality  of  patterns. 

For  this  reason,  the  joining  judgment  means  8 
reads  in  the  extracted  patterns  from  the  pattern  storage 
means  7,  makes  a  judgment  as  to  whether  or  not  each 
extracted  pattern  is  itself  a  character,  and  performs  a 
judgment  as  to  whether  or  not  it  is  necessary  to  join 
mutually  neighboring  patterns,  this  joining  judgment 
means  8  making  a  judgment  as  to  which  extracted  pat- 
terns  are  to  be  joined  (step  S7). 

That  is,  the  joining  judgment  means  8  makes  a 
determination  as  to  whether  or  not  extracted  patterns 
are  to  be  joined,  and  outputs  this  judgment  result. 

If,  in  accordance  with  the  judgment  result,  joining  of 
patterns  is  necessary,  at  the  joining  means  9,  patterns 
of  the  extracted  pattern  which  are  mutually  neighboring 
are  joined  together  (this  can  be  done  for  a  plurality  of 
patterns;  step  S8),  and  stored  in  the  pattern  storage 
means  7  as  a  joined  pattern. 

In  this  manner  characters  that  were  divided  into  a 
plurality  of  patterns  can  be  extracted  in  approximate 
units  of  characters  (Fig.  3  (c)). 

Note  that,  when  a  document  which  is  written  by 
English,  German  or  French  or  the  like,  is  used  for 
extracting  patterns  therefrom,  it  is  seldom  for  the  joining 
judgment  means  8  and  joining  means  9  to  be  actually 
used. 

Thereafter,  the  offset  calculation  means  10  calcu- 
lates  the  offset  with  regard  to  patterns  stored  in  the  pat- 
tern  storage  means  7  (step  S9). 

As  described  earlier,  as  a  result  of  performing  pat- 
tern  extraction  approximately  along  columns  or  rows, 
the  offset  calculation  means  1  0  can  obtain  the  optimum 
offset  by  merely  calculating  the  relative  distance  of  the 
character  of  interest  to  the  immediately  previously 
appearing  character. 

The  first  appearing  character,  however,  is  given  in 
absolute  coordinates  on  the  image,  and  for  a  pattern  at 
the  beginning  of  a  column  or  a  row,  the  offset  is 
obtained  by  calculating  the  relative  distance  to  the  pat- 
tern  at  the  beginning  of  the  previous  column  or  previous 
row.  This  offset  is  sent  to  the  coding  means. 

In  addition,  patterns  which  are  stored  in  the  pattern 
storage  means  7  are  given  to  the  pattern  matching 
means  1  1  ,  at  which  pattern  matching  processing  is  per- 
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formed.  Specifically,  at  the  pattern  matching  means  1  1 
matching  is  performed  between  the  stored  patterns  and 
library  patterns  generated  in  the  library  means  12,  and 
the  matching  result  of  this  operation  is  output.  In  per- 
forming  this  matching  processing,  matching  is  judged  5 
by  comparison  of  pattern  size  and  by  taking  the  exclu- 
sive-OR  of  library  patterns  with  the  input  pattern  (stored 
pattern). 

The  matching  result  obtained  by  the  pattern  match- 
ing  means  1  1  and  the  stored  patterns  for  each  matching  10 
result  are  output  from  the  pattern  matching  means  1  1  to 
the  coding  means  13. 

Then,  at  the  coding  means  13,  coding  of  the  stored 
patterns  is  done,  based  on  the  matching  results.  When 
doing  this,  if  necessary  library  patterns  are  sent  to  the  15 
coding  means  13.  In  addition,  at  the  coding  means  13, 
the  offset  is  separately  coded,  along  with  data  that  rep- 
resents  the  size  of  patterns. 

By  performing  the  above-described  operations, 
when  the  pattern  division  for  one  column  or  one  row  is  20 
completed  (step  S10),  step  S3  is  again  executed,  and 
when  pattern  division  is  completed  for  all  the  input 
image  data,  the  pattern  extraction  processing  ends. 

In  the  storage  means  1  ,  it  is  not  necessary  to  store 
an  entire  page  of  binary  image,  it  being  sufficient  to  25 
store  a  number  of  lines  of  image,  after  which  it  is  possi- 
ble  to  successively  input  more  lines  of  the  image. 

In  addition,  the  coding  method  used  in  the  coding 
means  1  3  can  be  selected  as  required  from  a  plurality  of 
types  of  coding  methods.  30 

Furthermore,  the  method  of  library  pattern  genera- 
tion  and  updating  in  the  library  means  12  can,  as  neces- 
sary,  be  selected  from  a  plurality  of  methods. 

Upon  performing  an  experiment  with  respect  to  a 
CCITT  No.  7  image  using  a  200  dpi  image,  whereas  35 
3609  image  where  extracted  using  a  coding  apparatus 
of  the  past,  using  the  coding  apparatus  which  is  shown 
in  Fig.  1  ,  the  number  of  extracted  patterns  was  2505, 
this  demonstrating  an  improvement  of  from  1  1  .8  to  13.4 
times  with  respect  to  compression  ratio  as  well,  in  com-  40 
parison  with  the  past  system. 

With  the  present  invention  as  described  in  detail 
above,  in  performing  binary  image  pattern  extraction  by 
using  pattern  extraction,  with  respect  to  even  Japanese- 
language  text,  it  is  possible  to  extract  patterns  in  45 
approximate  units  of  characters,  this  resulting  in  an 
improvement  in  coding  efficiency. 

Additionally,  it  is  possible  to  calculate  offset  effi- 
ciently  in  the  same  manner  for  both  vertical  and  horizon- 
tal  text,  this  also  improving  coding  efficiency.  so 

As  explained  above,  the  other  aspect  of  the  present 
invention  is  a  method  for  extracting  patterns  from  a 
binary  stationary  image  and  is  used  in  performing  cod- 
ing  of  a  pattern  in  accordance  with  the  results  of  dividing 
a  binary  stationary  image  into  patterns  and  performing  55 
pattern  matching  with  respect  to  each  of  said  divided 
patterns,  said  method  comprising  the  steps  of,  project- 
ing  black  pixels  in  said  binary  stationary  image  and 

determining  a  histogram  thereof,  determining,  in 
accordance  with  said  histogram,  whether  said  binary 
stationary  image  is  horizontally  written  text  or  vertically 
written  text  and  for  outputting  a  result  of  said  determina- 
tion  of  said  document  style  determining  means,  extract- 
ing  a  block  from  said  image  in  accordance  with  said 
determination  result,  extracting  a  pattern  in  accordance 
with  said  block,  and  calculating  a  relative  distance 
between  a  currently  extracted  pattern  and  an  immedi- 
ately  previously  extracted  pattern,  as  an  offset. 

And  further  aspect  of  the  present  invention  is  a 
recording  medium  which  stores  a  controlling  program 
for  extracting  patterns  from  a  binary  stationary  image 
which  can  be  performed  by  a  computer,  wherein  said 
program  is  for  extracting  patterns  from  a  binary  station- 
ary  image  and  is  used  in  performing  coding  of  a  pattern 
in  accordance  with  the  results  of  dividing  a  binary  sta- 
tionary  image  into  patterns  and  performing  pattern 
matching  with  respect  to  each  of  said  divided  patterns, 
said  program  comprising  the  steps  of,  projecting  black 
pixels  in  said  binary  stationary  image  and  determining  a 
histogram  thereof,  determining,  in  accordance  with  said 
histogram,  whether  said  binary  stationary  image  is  hor- 
izontally  written  text  or  vertically  written  text  and  for  out- 
putting  a  result  of  said  determination  of  said  document 
style  determining  means,  extracting  a  block  from  said 
image  in  accordance  with  said  determination  result, 
extracting  a  pattern  in  accordance  with  said  block,  and 
calculating  a  relative  distance  between  a  currently 
extracted  pattern  and  an  immediately  previously 
extracted  pattern,  as  an  offset. 

Claims 

1  .  A  pattern  extraction  apparatus  that  is  used  in  per- 
forming  coding  of  a  pattern  in  accordance  with  the 
results  of  dividing  a  binary  stationary  image  into 
patterns  and  performing  pattern  matching  with 
respect  to  each  of  said  divided  patterns,  said  pat- 
tern  extraction  apparatus  comprising: 

a  projection  means  for  projecting  black  pixels  in 
said  binary  stationary  image  and  determining  a 
histogram  thereof; 
a  document  style  determining  means  for  deter- 
mining,  in  accordance  with  said  histogram, 
whether  said  binary  stationary  image  is  hori- 
zontally  written  text  or  vertically  written  text  and 
for  outputting  a  result  of  said  determination  of 
said  document  style  determining  means; 
means  for  extracting  a  block  from  said  image  in 
accordance  with  said  determination  result; 
means  for  extracting  a  pattern  in  accordance 
with  said  block;  and 
means  for  calculating  a  relative  distance 
between  a  currently  extracted  pattern  and  an 
immediately  previously  extracted  pattern,  as  an 
offset. 

6 
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2.  A  pattern  extraction  apparatus  according  to  claim  1  , 
wherein  said  binary  stationary  image  has  a  vertical 
direction  and  a  horizontal  direction,  and  wherein 
said  projection  means  takes  a  projection  of  black 
pixels  in  said  vertical  direction  and  said  horizontal  5 
direction  to  generated  said  histogram. 

3.  A  pattern  extraction  apparatus  according  to  either 
claim  1  or  claim  2,  wherein  when  said  judgment 
result  of  said  document  style  determining  means  is  n 
said  vertical  direction  text,  said  block  extraction 
means  extracts  a  column  as  a  block  from  said 
binary  stationary  image,  and  when  said  judgment 
result  of  said  document  style  determining  means  is 
said  horizontal  direction  text,  said  block  extraction  n 
means  extracts  a  row  as  a  block  from  said  binary 
stationary  image. 

4.  A  pattern  extraction  apparatus  according  to  claim  3, 
wherein  with  respect  to  said  extracted  column  or  2t 
row,  said  projection  means  performs  further  projec- 
tion  in  a  first  direction  that  is  perpendicular  with 
respect  to  said  column  or  said  row  and  determines 
a  sub-histogram,  in  accordance  to  which  said  block 
extraction  means  divides  said  column  or  said  row  21 
and  gives  said  divided  block  to  said  pattern  extrac- 
tion  means. 

5.  A  pattern  extraction  apparatus  according  to  claim  4, 
wherein,  with  respect  to  said  block,  said  projection  3< 
means  further  projects  in  a  second  direction,  which 
is  perpendicular  to  said  first  direction  and  output  a 
result  of  said  projection,  and  wherein  said  pattern 
extraction  means,  based  on  said  projection  result, 
extracts  said  extracted  pattern  from  said  block.  3t 

6.  A  pattern  extraction  apparatus  according  to  claim  5, 
further  comprising  means  for  making  a  joining  judg- 
ment,  which  judges  whether  or  not  said  extracted 
pattern  is  extracted  as  a  character  unit  and  outputs  4t 
a  result  of  said  judgment,  and  means  for  joining 
said  patterns  in  accordance  with  said  judgment  out- 
put. 

determining,  in  accordance  with  said  histo- 
gram,  whether  said  binary  stationary  image  is 
horizontally  written  text  or  vertically  written  text 
and  for  outputting  a  result  of  said  determination 
of  said  document  style  determining  means; 
extracting  a  block  from  said  image  in  accord- 
ance  with  said  determination  result; 
extracting  a  pattern  in  accordance  with  said 
block;  and 

10  calculating  a  relative  distance  between  a  cur- 
rently  extracted  pattern  and  an  immediately 
previously  extracted  pattern,  as  an  offset. 

9.  A  recording  medium  which  stores  a  controlling  pro- 
15  gram  for  extracting  patterns  from  a  binary  station- 

ary  image  which  can  be  performed  by  a  computer, 
wherein  said  program  is  for  extracting  patterns  from 
a  binary  stationary  image  and  is  used  in  performing 
coding  of  a  pattern  in  accordance  with  the  results  of 

20  dividing  a  binary  stationary  image  into  patterns  and 
performing  pattern  matching  with  respect  to  each  of 
said  divided  patterns,  said  program  comprising  the 
steps  of; 

25  projecting  black  pixels  in  said  binary  stationary 
image  and  determining  a  histogram  thereof; 
determining,  in  accordance  with  said  histo- 
gram,  whether  said  binary  stationary  image  is 
horizontally  written  text  or  vertically  written  text 

30  and  for  outputting  a  result  of  said  determination 
of  said  document  style  determining  means; 
extracting  a  block  from  said  image  in  accord- 
ance  with  said  determination  result; 
extracting  a  pattern  in  accordance  with  said 

35  block;  and 
calculating  a  relative  distance  between  a  cur- 
rently  extracted  pattern  and  an  immediately 
previously  extracted  pattern,  as  an  offset. 

40 

7.  A  pattern  extraction  apparatus  according  to  claim  6,  45 
wherein  said  joined  pattern  is  given  to  said  offset 
calculation  means  as  said  extracted  pattern. 

8.  A  method  for  extracting  patterns  from  a  binary  sta- 
tionary  image  and  is  used  in  performing  coding  of  a  so 
pattern  in  accordance  with  the  results  of  dividing  a 
binary  stationary  image  into  patterns  and  perform- 
ing  pattern  matching  with  respect  to  each  of  said 
divided  patterns,  said  method  comprising  the  steps 
of;  55 

projecting  black  pixels  in  said  binary  stationary 
image  and  determining  a  histogram  thereof; 
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11.  PHENOMENOLOGY  OF  HALL  AND 
MAGNETO  RES  ISTIVE  EFFECTS  IN  FILMS 

A.  Isotropic  Hall  and  Magnetoresistive  Effects  in  Films 
The  physics  of  galvanomagnetic  phenomena  in  solids  is 

extensively  discussed  in  standard  text)  (3]  as  well'  as  in  more 
specialized  monographs.  Here  we  will  give  only  a  brief  descrip- 
tion  of  tKe  ordinary  Hall  and  magnetoresistance  effects,  in 
preparation  for  subsequent  sections  on  devices.  A  more  com- 
prehensive  review  of  the  physical  phenomena  involved  is  given 
In  the  accompanying  paper  by  McGuire  and  Potter  [4]  . 

II.  PHENOMENOLOGY  OF  HALL  AND 
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